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(57) ABSTRACT 

A digital image system is disclosed having a sensor With an 
elevated tWo-color photo-detector for sensing tWo different 
color values in combination With a single-color photo 
detector for sensing a third color value. Minimal demosa 
icing is performed to obtain at least one luminance value at 
each photo-detector location. The sampled chrominance 
values and sampled and demosaiced luminance values are 
directly compressed Without converting betWeen color 
spaces and With minimal or no processing required. With a 
reduced amount of image processing prior to image com 
pression, all of the pre-compression image processing may 
be performed on the image sensor itself instead of on a 
separate image processing system. 
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DIGITAL IMAGE SYSTEM AND METHOD FOR 
COMBINING SENSING AND IMAGE PROCESSING 

ON SENSOR WITH TWO-COLOR 
PHOTO-DETECTOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field of the Invention 

[0002] The present invention relates generally to digital 
color image sensors, and speci?cally to image processing of 
sensor values. 

[0003] 2. Description of Related Art 

[0004] Electronic image sensors are predominately of tWo 
types: CCDs (Charge Coupled Devices) and CMOS-APS 
(Complimentary Metal Oxide Semiconductor-Active Photo 
detector Sensors). Both types of sensors typically contain an 
array of photo-detectors (e.g., pixels), arranged in roWs and 
columns or arranged in another pattern, that sample color 
Within an image. Each photo-detector measures the intensity 
of light Within one or more ranges of Wavelengths, corre 
sponding to one or more perceived colors. 

[0005] In addition, both types of sensors may include a 
color ?lter array (CFA), such as the CFA described in US. 
Pat. No. 3,971,065 to Bayer (hereinafter referred to as 
Bayer), Which is hereby incorporated by reference. With the 
Bayer CFA, each photo-detector sees only one Wavelength 
range, corresponding to the color red, green or blue. To 
obtain the sensor values for all three primary colors at a 
single photo-detector location, it is necessary to interpolate 
the color sensor values from adjacent or surrounding photo 
detectors. This process of interpolation is called demosaic 
mg. 

[0006] Unless the demosaiced image is immediately out 
put, the demosaiced image must be stored in a storage 
medium for later retrieval. Due to the large amount of 
memory necessary for storing demosaiced images, many 
applications utiliZe image compression techniques that rep 
resent the demosaiced images With less data in order to save 
storage costs or reduce transmission time. Compression can 
be performed using a lossless compression technique or 
using a lossy technique, such as JPEG (Joint Photographic 
Experts Group). A discussion of the JPEG technique can be 
found in: W. Pennebaker and J. Mitchell, “J PEG: Still Image 
Data Compression Standard,” NeW York: Van Nostrand 
Reinhold, 1993, Which is hereby incorporated by reference. 

[0007] To improve the image quality, many applications 
convert the photo-detector values to another color space 
prior to compressing the image. For example, an array of 
photo-detectors arranged in roWs and columns and ?tted 
With a Bayer CFA typically has the folloWing repeat unit: 

BG, 

[0008] Which is stepped and repeated throughout the array 
of photo-detectors. Thus, each repeat unit produces four 
photo-detector values: tWo green, one red and one blue. 
After demosaicing, the repeat unit has tWelve photo-detector 
values: four green, four red and four blue. Since the human 
eye is more sensitive to changes in luminance, Which is 
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dominated by green, than chrominance, Which is dominated 
by red and blue, the tWelve demosaiced photo-detector 
values are typically converted into the YCbCr color space, 
folloWed by a 4:1:1 decimation. The result is four luminance 
values (Y) and tWo chrominance values (Cr, Which corre 
sponds to red chrominance, and Cb, Which corresponds to 
blue chrominance) for each block of four photo-detectors. 
To convert the tWelve demosaiced color values into the four 
luminance and tWo chrominance values, one of a number of 
Well-known conversion matrices may be used. 

[0009] One of the draWbacks of the above standard image 
processing techniques is that the substantial processing 
required to perform demosaicing and color space transfor 
mation increases the cost and complexity of conventional 
image processing systems. Another draWback of the above 
standard image processing techniques is that, due to area 
constraints on image sensors, the extensive image process 
ing (demosaicing, color space transformation and image 
compression) is performed by an image processing system 
separate from the image sensor. Therefore, What is needed is 
a digital image sensor capable of combining both sensing 
and at least part of the image processing to reduce the cost 
and complexity of image processing. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides a digital image 
system capable of combining both sensing and at least part 
of the image processing on digital image data. The system 
includes a digital image sensor having an elevated tWo-color 
photo-detector for sensing tWo different color values in 
combination With a single-color photo-detector for sensing a 
third color value. The system interpolates only the lumi 
nance values to obtain at least one luminance value at each 
photo-detector location. The sampled chrominance values 
and sampled and demosaiced luminance values are directly 
compressed Without converting betWeen color spaces. 

[0011] Therefore, by eliminating chrominance demosaic 
ing and color space transformation, the amount of image 
processing is reduced. In addition, With a reduced amount of 
image processing, some of the image processing may be 
performed on the image sensor itself instead of on a separate 
image processing system. Furthermore, the invention pro 
vides embodiments With other features and advantages in 
addition to or in lieu of those discussed above. Many of these 
features and advantages are apparent from the description 
beloW With reference to the folloWing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The disclosed invention Will be described With 
reference to the accompanying draWings, Which shoW 
important sample embodiments of the invention and Which 
are incorporated in the speci?cation hereof by reference, 
Wherein: 

[0013] FIG. 1 is a block diagram of a sensor in accordance 
With embodiments of the present invention; 

[0014] FIG. 2 illustrates an exemplary photo-detector 
repeat unit in accordance With embodiments of the present 
invention; 

[0015] FIG. 3 is a chart of absorption percentage versus 
Wavelength for varying thickness of amorphous silicon; 
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[0016] FIG. 4 is a cross-sectional vieW of a single-color 
photo-detector in accordance With embodiments of the 
present invention; 

[0017] FIG. 5 is a cross-sectional vieW of a tWo-color 
photo-detector in accordance With embodiments of the 
present invention; 

[0018] FIG. 6 is a How chart illustrating exemplary pre 
compression image processing steps for a sensor ?tted With 
a color ?lter array as shoWn in FIG. 2; 

[0019] FIG. 7 illustrates another exemplary color ?lter 
array repeat unit in accordance With embodiments of the 
present invention; 

[0020] FIG. 8 is a How chart illustrating exemplary steps 
for interpolating the luminance values and converting 
betWeen color spaces for a sensor ?tted With a color ?lter 
array as shoWn in FIG. 6; 

[0021] FIG. 9 illustrates another exemplary color ?lter 
array repeat unit in accordance With embodiments of the 
present invention; and 

[0022] FIG. 10 is a How chart for interpolating the lumi 
nance values and converting betWeen color spaces for a 
sensor ?tted With a color ?lter array as shoWn in FIG. 8. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS OF THE 

INVENTION 

[0023] The numerous innovative teachings of the present 
application Will be described With particular reference to the 
exemplary embodiments. HoWever, it should be understood 
that these embodiments provide only a feW examples of the 
many advantageous uses of the innovative teachings herein. 
In general, statements made in the speci?cation do not 
necessarily delimit any of the various claimed inventions. 
Moreover, some statements may apply to some inventive 
features, but not to others. 

[0024] FIG. 1 illustrates a digital image sensor 10 having 
an array of photo-detectors 5 for detecting light from an 
image impinging on the surface of the sensor 10. Each 
photo-detector Within the array of photo-detectors 5 detects 
one or more colors (ranges of Wavelengths) and outputs raW 
color values, representing the intensity of light Within each 
range of Wavelengths that the photo-detector is capable of 
detecting. The raW color values include luminance values 
(e.g., green or yelloW values) and chrominance values (e.g., 
red and blue values or magenta and cyan values). Once the 
raW color values are obtained, minimal image processing of 
the raW color values may be performed on the image sensor 
10 itself instead of by a separate image processing system. 
The image processing performed by the image sensor 10 
include luminance interpolation logic 30 and chrominance 
processing logic 40. 

[0025] The luminance interpolation logic 30 receives the 
raW color values, and interpolates luminance values (e.g., 
green or yelloW values) at each photo-detector location that 
did not detect a luminance value. A simple interpolation 
algorithm Without complex multiplication tables performs 
the luminance interpolation. Examples of simple interpola 
tion algorithms Will be described in more detail beloW in 
connection With FIGS. 6, 8 and 10. 
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[0026] The chrominance processing logic 40 may or may 
not be required depending on the photo-detector repeat unit, 
the color ?lter array (CFA) used and the processing con 
straints of the sensor 10. For example, the chrominance 
processing logic 40 may use a chrominance algorithm to 
subtract out the luminance information in a raW chromi 

nance value (e.g., a red, blue, magenta or cyan value) When 
a photo-detector is capable of detecting both luminance and 
chrominance values. Other examples of chrominance algo 
rithms are described in more detail beloW in connection With 
FIGS. 6, 8 and 10. 

[0027] Once the luminance values have been interpolated 
and the chrominance values have been processed, output 
logic 50 Within the sensor 10 outputs groups of color values, 
With each group containing four luminance values (e.g., four 
green values or four yelloW values) and tWo chrominance 
values (e.g., one red value and one blue value or one 
magenta value and one cyan value). The four luminance 
values are termed herein Y values and the tWo chrominance 
values are termed herein Cx and Cy values. It is these groups 
of color data (e.g., Y(4)CxCy) that may be compressed using 
any type of compression technique for storage and retrieval 
by a digital image system. 

[0028] It should be understood that the YCxCy color plane 
described herein may not exactly correspond to the YCbCr 
color plane knoWn in the art. The Y values in the YCbCr 
color plane are Weighted combinations of the sampled 
luminance and chrominance values, Whereas the Y values in 
the YCxCy color plane described herein may include only 
luminance values. Therefore, there may be some small error 
in the Y values of the YCxCy color plane as compared With 
the YCbCr color plane. HoWever, since the human eye is 
more sensitive to luminance than to chrominance (e.g., 
brightness vs. color), the error in most cases is not notice 
able. 

[0029] In order to extract four Y values, one Cx value and 
one Cy value for a group of photo-detectors, a tWo-color 
photo-detector capable of absorbing light in the red and blue 
Wavelengths is included Within each repeat unit of photo 
detectors. The repeat unit is stepped and repeated throughout 
the array of photo-detectors. FIG. 2 illustrates an exemplary 
repeat unit 5AWithin an array of photo-detectors for a digital 
image sensor 10 having a tWo-color photo-detector (e.g., 
pixel) R/B in combination With three single-color photo 
detectors (e. g., pixels) G, of the type described in commonly 
assigned US. patent application Ser. No. (Attorney 
Docket Number 10010157-1), ?led concurrently hereWith 
and hereby incorporated by reference. In FIG. 2, Within the 
area of four photo-detectors are ?ve photo-detector elements 
(e.g., photodiodes, photo-conductors or photo-transistors). 
One of the photo-detectors is a tWo-color photo-detector R/B 
having tWo photo-detector elements 12 and 13, each detect 
ing a different color, and the other three photo-detectors are 
single-color photo-detectors G each having a single photo 
detector element, illustrated by reference numbers 11, 21 
and 22, that detects a respective color that is different from 
the tWo colors detected by the tWo-color photo-detector R/B. 

[0030] In the example shoWn in FIG. 2, the repeat unit 5A 
is ?tted With a non-Bayer CFA, in Which the tWo-color 
photo-detector R/B includes a magenta ?lter and the three 
single-color photo-detectors G include green ?lters. The 
magenta ?lter passes only the red and blue portions of the 
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spectrum to the tWo photo-detector elements of the tWo 
color photo-detector. The green ?lters absorb the blue and 
red portions of the spectrum, While passing the green portion 
of the spectrum to the single-color photo-detector elements 
11, 21 and 22. HoWever, it should be understood that other 
color ?lters (i.e., yelloW) may be used depending on the 
color space and color sampling desired for the sensor. 

[0031] A single layer of the appropriate thickness of 
amorphous silicon (otSizH) (illustrated by a dotted line) 
serves as an upper photo-detector element 12 of the tWo 
color photo-detector R/B. The upper photo-detector element 
12 absorbs the blue portion of the spectrum and passes the 
red portion of the spectrum to the loWer photo-detector 
element 13 of the tWo-color photo-detector R/B. The loWer 
photo-detector element 13 of the tWo-color photo-detector 
R/B resides in bulk silicon (illustrated by a solid line), Which 
has a longer absorption length than the amorphous silicon. 
Therefore, the red portion of the spectrum is absorbed in the 
loWer photo-detector element 13. As can be seen, the upper 
photo-detector element 12 of the tWo-color photo-detector 
R/B is in an elevated relation (i.e., above and spaced apart 
from) With the loWer photo-detector element 13 of the 
tWo-color photo-detector R/B. 

[0032] Advantageously, the amorphous silicon layer of the 
tWo-color photo-detector R/B provides independent control 
of both the upper 12 and loWer 13 photo-detector elements. 
In addition, the use of amorphous silicon alloWs for a 
tunable color response, through the thickness of the amor 
phous silicon layer. For example, in other embodiments, the 
tWo-color photo-detector R/B may not include a color ?lter. 
Without a color ?lter, in order to tune the color response of 
the tWo-color photo-detector R/B, the thickness of the amor 
phous silicon layer of the upper photo-detector element 12 
may be altered. For example, a thin amorphous silicon layer 
for the upper photo-detector element 12 Would absorb only 
blue, While the bulk loWer photo-detector element 13 beloW 
Would absorb the compliment of blue (e.g., yelloW). Alter 
natively, if the thickness of the amorphous silicon layer of 
the upper photo-detector element 12 is increased, the upper 
photo-detector element 12 Would extract the compliment of 
red (e.g., cyan), While the bulk loWer photo-detector element 
13 beloW Would absorb red. 

[0033] A chart of the absorption percentage versus Wave 
length for varying thickness of the amorphous silicon layer 
is shoWn in FIG. 3. As can be seen in FIG. 3, a 5000 A thick 
layer of amorphous silicon absorbs 100 percent of the blue 
portion of the spectrum (near 0.5 microns Wavelength), 
betWeen 40 and 80 percent of the green (betWeen approxi 
mately 0.55 and 0.65 microns Wavelength) and less than 20 
percent of the red portion of the spectrum (betWeen approxi 
mately 0.65 and 0.75 microns Wavelength). 

[0034] Referring again to FIG. 2, each single-color photo 
detector element is also made up of an elevated layer of 
amorphous silicon (illustrated by a dotted line). The thick 
ness of the amorphous silicon layer of the single-color 
photo-detector elements may be chosen such that the amor 
phous silicon layer absorbs the green portion of the spec 
trum. HoWever, it should be understood that the thickness of 
the amorphous silicon layer may be chosen to absorb yelloW 
(if a yelloW color ?lter is used) or White (if no color ?lter is 
used) to obtain a luminance value. 

[0035] FIG. 4 is a cross-sectional vieW of an exemplary 
tWo-color photo-detector R/B of the type shoWn in FIG. 2, 
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and described in commonly assigned U.S. patent application 
Ser. No. (Attorney Docket Number 10010314-1), 
?led concurrently hereWith and hereby incorporated by 
reference. A magenta color ?lter 6 resides above a transpar 
ent metal conductor 40, such as indium tin oxide. BeloW the 
transparent metal conductor 40 is an elevated photodiode 12 
having a P-layer 12a, an I-layer 12b and an N-layer 12c. 
When reverse biased, the elevated photodiode 12 accumu 
lates charge When it receives light. 

[0036] Adielectric 50 (illustrated as an inter-metal dielec 
tric), such as silicon dioxide (SiOZ), separates the elevated 
photodiode from the bulk silicon photodiode 13. The dielec 
tric 50 separates the anodes of tWo photodiodes 12 and 13 in 
order to separate the current coming out of each of the tWo 
photodiodes 12 and 13. The bulk silicon photodiode 13 is 
formed in the silicon substrate 60. A shalloW N+ region is 
formed in the P-type silicon substrate 60 to provide detec 
tion of light having Wavelengths that are longer than the 
Wavelength of light detected by the elevated photodiode 12. 

[0037] FIG. 5 is a cross-sectional vieW of an exemplary 
single-color photo-detector G of the type shoWn in FIG. 2. 
A green color ?lter 7 resides above a transparent metal 
conductor 40, such as indium tin oxide. BeloW the trans 
parent metal conductor 40 is an elevated photodiode 21, 
Which includes a P-layer 21a, an I-layer 21b and an N-layer 
21c. An inter-metal dielectric 50, such as silicon dioxide 
(SiO2) separates the elevated photodiode 21 from the silicon 
substrate 60. 

[0038] FIG. 6 is a ?owchart illustrating exemplary image 
processing steps for a sensor including a repeat unit as 
shoWn in FIG. 2. Initially, the raW color values detected by 
the array of photo-detectors are fed to the luminance inter 
polation logic shoWn in FIG. 1 (step 600). For each repeat 
unit of the type shoWn in FIG. 2, the raW color values 
include three green values, one blue value and one red value. 
The three green values are produced from the three single 
color photo-detectors and the red and blue values are pro 
duced from the tWo-color photo-detector. The luminance 
interpolation logic interpolates a green value for the tWo 
color photo-detector location based on the surrounding 
luminance values (step 610). For example, assume that the 
raW color data is received at the luminance interpolation 
logic as folloWs: 

G G G 

GR/BG 

G G G 

[0039] To interpolate the green value at the R/B photo 
detector location, the luminance interpolation logic can take 
the average of any combination of the surrounding green 
values. Once the green value is interpolated at each R/B 
photo-detector location, all of the green values are output as 
Y (luminance) values (step 620). It should be understood 
that edge-Weighted interpolation, as Well as any other type 
of interpolation scheme, may be used to interpolate the green 
values at the R/B photo-detector locations. 

[0040] If the tWo-color photo-detector includes a magenta 
color ?lter M (step 630), no chrominance processing may 
need to be performed, and the blue value from the tWo-color 
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photo-detector can be output as the CX value for the repeat 
unit and the red value from the tWo-color photo-detector can 
be output as the Cy value for the repeat unit (step 650). 
However, if the tWo-color photo-detector does not include a 
magenta ?lter, the thickness of the amorphous silicon layer 
may be suf?cient to absorb only blue, While the bulk silicon 
absorbs the complement of blue (e.g., green and red). 
Alternatively, the thickness of the amorphous silicon layer 
may be suf?cient to absorb the complement of red (e.g., blue 
and green), While the bulk silicon absorbs only the red. 

[0041] In either case, some green has been absorbed by the 
tWo-color photo-detector, Which may need to be subtracted 
out from the CX and Cy values (step 640). If blue and the 
complement of blue are detected by the tWo-color photo 
detector, the interpolated green value for the tWo-color 
photo-detector location may need to be subtracted off of the 
complement of blue value before outputting (step 650) CX 
(e.g., blue) and Cy (e.g., complement of blue minus green). 
Likewise, if red and the complement of red are detected by 
the tWo-color photo-detector, the interpolated green value 
for the tWo-color photo-detector location may need to be 
subtracted off of the complement of red value before out 
putting (step 650) CX (e.g., complement of red minus green) 
and Cy (e.g., red). It should be noted that step 640 may not 
need to be performed, depending upon the digital image 
sensor application. Alternatively, step 640 may be performed 
in the ?nal image processing, after de-compression of the 
image. 

[0042] FIG. 7 illustrates another exemplary repeat unit 5B 
Within an array of photo-detectors of a digital image sensor 
10 having one tWo-color photo-detector R/B in combination 
With tWo single-color photo-detectors G, in accordance With 
eXemplary embodiments of the present invention. In FIG. 7 
there are three photo-detectors and four photo-detector ele 
ments (i.e., photodiodes). One of the photo-detectors is a 
tWo-color photo-detector R/B having tWo photo-detector 
elements 12 and 13, each being capable of detecting a 
different color, and the other tWo photo-detectors are single 
color photo-detectors G, each having a single photo-detector 
element 21 and 22, respectively, that detects a color that is 
different from the tWo colors detected by the tWo-color 
photo-detector R/B. The area of the tWo-color photo-detec 
tor R/B is shoWn equivalent to the area of both single-color 
photo-detectors G, for convenience. HoWever, it should be 
noted that in other embodiments, the area of the tWo-color 
photo-detector R/B can be equivalent to the area of only one 
of the single-color photo-detectors G. 

[0043] In the eXample shoWn in FIG. 7, the tWo-color 
photo-detector includes a magenta ?lter, so that only the red 
and blue portions of the spectrum are passed to the tWo 
photo-detector elements 12 and 13. HoWever, it should be 
understood that other ?lters may be used depending on the 
color space and color sampling desired for the sensor. In 
addition, no color ?lter may be used, and the color response 
of the tWo-color photo-detector R/B may be tuned, as 
discussed above in connection With FIG. 2. As discussed 
above in connection With FIG. 2, the upper photo-detector 
element 12 is formed of a single layer of the appropriate 
thickness of amorphous silicon (otSizH) (illustrated by a 
dotted line) in order to absorb the blue portion of the 
spectrum and pass the red portion of the spectrum to the 
loWer photo-detector element 13 of the tWo-color photo 
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detector. The loWer photo-detector element 13 of the tWo 
color photo-detector resides in bulk silicon (illustrated by a 
solid line). 

[0044] As in FIG. 2, green ?lters are used above the tWo 
single-color photo-detectors G of FIG. 7. Thus, the green 
?lters absorb the blue and red portions of the spectrum, 
While passing the green portion of the spectrum to the green 
photo-detector elements 21 and 22. In addition, each green 
photo-detector element is also made up of an elevated layer 
of amorphous silicon (illustrated by a dotted line). 

[0045] FIG. 8 is a ?oWchart illustrating exemplary image 
processing steps for a sensor including a repeat unit as 
shoWn in FIG. 7. Initially, the raW color values detected by 
the array of photo-detectors are fed to the luminance inter 
polation logic shoWn in FIG. 1 (step 600). For each repeat 
unit of the type shoWn in FIG. 7, the raW color values 
include tWo green values, one blue value and one red value. 
The tWo green values are produced from the tWo single 
color photo-detectors and the red and blue values are pro 
duced from the tWo-color photo-detector. The luminance 
interpolation logic interpolates either one or tWo green 
values for the tWo-color photo-detector location based on the 
surrounding luminance values. For eXample, assume that the 
raW color data is received at the luminance interpolation 
logic as folloWs: 

GGGG. 

[0046] Since each R/B photo-detector location has the 
same area as tWo G photo-detector locations (step 605), the 
interpolation logic must interpolate tWo green values for 
each R/B photo-detector location (step 610A). To interpolate 
the tWo green values at each R/B photo-detector location, the 
luminance interpolation logic can take the average of any 
combination of the surrounding green values. As another 
eXample, if the R/B photo-detector location has the same 
area as one of the G photo-detector locations (step 605), the 
raW color data received at the luminance interpolation logic 
may be similar to the folloWing: 

G GR/B G. 

[0047] To interpolate one missing green value at each R/B 
photo-detector location (step 610B), the luminance interpo 
lation logic can take the average of any combination of the 
surrounding green photo-detectors. Once the green value is 
interpolated at each R/B photo-detector location, all of the 
green values are output as Y (luminance) values (step 620). 
It should be understood that edge-Weighted interpolation, as 
Well as any other type of interpolation scheme, may be used 
to interpolate the green values at the R/B photo-detector 
locations. 

[0048] It should further be understood that in order to 
output four Y values from a sensor having a three-photo 
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detector repeat unit, as above, one Y value must be “bor 
roWed” from a neighboring repeat unit. Alternatively, the 
array of photo-detectors can be divided into blocks of four, 
so that four Y values are retrieved from every block of four. 
HoWever, there may be certain blocks of four that have tWo 
R/B photo-detector locations, requiring that an average of 
the red and blue values at the tWo R/B photo-detector 
locations be taken as the Cx and Cy values. 

[0049] If the tWo-color photo-detector includes a magenta 
color ?lter M (step 630), no chrominance processing may 
need to be performed, and the blue value from the tWo-color 
photo-detector can be output as the Cx value for the repeat 
unit and the red value from the tWo-color photo-detector can 
be output as the Cy value for the repeat unit (step 650). 
HoWever, if the tWo-color photo-detector does not include a 
magenta ?lter (step 630), the thickness of the amorphous 
silicon layer may be sufficient to absorb only blue, While the 
bulk silicon absorbs the complement of blue (e.g., green and 
red). Alternatively, the thickness of the amorphous silicon 
layer may be sufficient to absorb the complement of red 
(e. g., blue and green), While the bulk silicon absorbs only the 
red. 

[0050] In either case, some green has been absorbed by the 
tWo-color photo-detector, Which may need be subtracted out 
from the Cx and Cy values (step 640). In addition, if blue 
and the complement of blue are detected by the tWo-color 
photo-detector, the interpolated green value for the tWo 
color photo-detector location may need to be subtracted off 
of the complement of blue value before outputting (step 650) 
Cx (e.g., blue) and Cy (e.g., complement of blue minus 
green). Likewise, if red and the complement of red are 
detected by the tWo-color photo-detector, the interpolated 
green value for the tWo-color photo-detector location may 
need to be subtracted off of the complement of red value 
before outputting (step 650) Cx (e.g., complement of red 
minus green) and Cy (e.g., red). As discussed above in 
connection With FIG. 6, step 640 is optional. 

[0051] FIG. 9 illustrates another exemplary repeat unit 5C 
of a digital image sensor 10 having one tWo-color photo 
detector R/B in combination With one single-color photo 
detector G, in accordance With exemplary embodiments of 
the present invention. In FIG. 9 there are tWo photo 
detectors and three photo-detector elements (i.e., photo 
diodes). One of the photo-detectors is a tWo-color photo 
detector R/B having tWo photo-detector elements 12 and 13, 
each being capable of detecting a different color, and the 
other photo-detector is a single-color photo-detector G hav 
ing a single photo-detector element 21 that detects a color 
that is different from the tWo colors detected by the tWo 
color photo-detector R/B. 

[0052] In the example shoWn in FIG. 9, the tWo-color 
photo-detector includes a magenta ?lter, so that only the red 
and blue portions of the spectrum are passed to the tWo 
photo-detector elements 12 and 13. HoWever, it should be 
understood that other ?lters may be used depending on the 
color space and color sampling desired for the sensor. In 
addition, no color ?lter may be used, and the color response 
of the tWo-color photo-detector R/B may be tuned, as 
discussed above in connection With FIG. 2. As further 
discussed above in connection With FIG. 2, the upper 
photo-detector element 12 is formed of a single layer of the 
appropriate thickness of amorphous silicon (otSizH) (illus 
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trated by a dotted line) in order to absorb the blue portion of 
the spectrum and pass the red portion of the spectrum to the 
loWer photo-detector element 13 of the tWo-color photo 
detector. The loWer photo-detector element 13 of the tWo 
color photo-detector resides in bulk silicon (illustrated by a 
solid line). 

[0053] As in FIG. 2, a green ?lter is used above the 
single-color photo-detector G of FIG. 9 to absorb the blue 
and red portions of the spectrum, While passing the green 
portion of the spectrum to the green photo-detector element 
21. In addition, the green photo-detector element is also 
made up of an elevated layer of amorphous silicon (illus 
trated by a dotted line). 

[0054] FIG. 10 is a ?oWchart illustrating exemplary image 
processing steps for a sensor including a repeat unit as 
shoWn in FIG. 9. Initially, the raW color values detected by 
the array of photo-detectors are fed to the luminance inter 
polation logic shoWn in FIG. 1 (step 600). For each repeat 
unit of the type shoWn in FIG. 9, the raW color values 
include one green value, one blue value and one red value. 
The green value is produced from the single-color photo 
detector and the red and blue values are produced from the 
tWo-color photo-detector. The luminance interpolation logic 
interpolates a green value for the tWo-color photo-detector 
location based on the surrounding luminance values (step 
610). For example, assume that the raW color data is 
received at the luminance interpolation logic as folloWs: 

G G G G. 

[0055] To interpolate the missing green value at each R/B 
photo-detector location, the luminance interpolation logic 
can take the average of any combination of the surrounding 
green photo-detectors. Once the green value is interpolated 
at each R/B photo-detector location, all of the green values 
are output as Y (luminance) values (step 620). 

[0056] Since the repeat unit includes only tWo photo 
detectors, to output four Yvalues, one Cx and one Cy value, 
tWo adjacent repeat units can be combined in order to 
sub-sample by four. HoWever, it should be understood that 
other sub-sampling factors (e.g., 2, 8, 16, etc.) can be used. 
If tWo adjacent repeat units are combined, and the tWo 
adjacent tWo-color photo-detectors do not include magenta 
?lters (step 630), as described above in connection With 
FIGS. 6 and 8, depending on the thickness of the amor 
phous silicon layer, the tWo-color photo-detector may absorb 
blue and the complement of blue or red and the complement 
of red. In either case, some green has been absorbed by the 
tWo-color photo-detector, Which may need to be subtracted 
out from the complement values (step 640). As discussed 
above in connection With FIG. 6, step 640 is optional. 

[0057] It should be understood that both tWo-color photo 
detectors should have substantially the same thickness of 
amorphous silicon, and therefore, both absorb blue and the 
complement of blue or red and the complement of red. Once 
the green has been subtracted off of the complement values 
(step 640), or if the tWo-color photo-detectors do include 
magenta ?lters (step 630), the values from the tWo adjacent 
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tWo-color photo-detectors can be averaged (step 645), 
resulting in one Cx value and one Cy value output for the 
tWo repeat units (step 650). 

[0058] It should be understood that the above discussed 
image processing techniques apply to any repeat unit Within 
an array of photo-detectors. For example, in a repeat unit 
including seven single-color photo-detectors and one tWo 
color photo-detector, the luminance value at the tWo-color 
photo-detector location Would be interpolated using the 
average of any combination of the surrounding luminance 
values, and to obtain four luminance values in combination 
With tWo chrominance values for compression purposes, the 
repeat unit Would be divided in half, With the chrominance 
values from the tWo-color photo-detector applying to both 
parts of the repeat unit. 

[0059] It should further be understood that additional 
image processing steps may be applied, depending on the 
sensor application and area constraints. For example, in 
order to convert the raW data to a color plane closer to the 
YCbCr color plane, multiplication factors for the Y, Cr and 
Cb values can be hard-Wired into the sensor Without includ 
ing multipliers. As discussed above, to convert betWeen 
RGB color space and YCbCr color space, a matrix can be 
applied to the raW RGB values. The multiplication factors in 
the conversion matrix can be hard-Wired into the sensor, so 
that the raW color values are simply shifted by a number of 
bits corresponding to the associated multiplication factors, 
and added to or subtracted from the other similarly shifted 
color values to obtain the Y, Cr and Cb color space values. 

[0060] It should further be understood that other color 
spaces, such as Lab (or L* a*b*), may be used instead of the 
YCbCr described herein. Additional processing, such as 
hard-Wiring multiplication factors, can easily convert the 
raW RGB color values to any other color space. In addition, 
it should be noted that for any color space, the colors can be 
sub-sampled in any manner (e.g., 4:111, 2:111, 8:111, etc.). 

[0061] As Will be recogniZed by those skilled in the art, the 
innovative concepts described in the present application can 
be modi?ed and varied over a Wide range of applications. 
Accordingly, the scope of patented subject matter should not 
be limited to any of the speci?c exemplary teachings dis 
cussed, but is instead de?ned by the folloWing claims. 

We claim: 
1. A digital image system, comprising: 

a digital image sensor including at least an array of 
photo-detectors having one or more repeat units 
therein, each said repeat unit including at least one 
single-color photo-detector capable of detecting a lumi 
nance value and a tWo-color photo-detector capable of 
detecting ?rst and second chrominance values; and 

interpolation logic connected to receive said detected 
luminance value and interpolate at least one interpo 
lated luminance value associated With said tWo-color 
photo-detector, said interpolation logic being further 
connected to output said detected luminance value 
Without interpolating said ?rst or second chrominance 
value associated With said detected luminance value. 

2. The system of claim 1, Wherein said luminance value 
is associated With the intensity of light Within a ?rst range of 
Wavelengths, said ?rst chrominance value is associated With 
the intensity of light Within a second range of Wavelengths 
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and said third chrominance value is associated With the 
intensity of light Within a third range of Wavelengths. 

3. The system of claim 2, further comprising: 

output logic connected to receive said detected luminance 
value, said detected ?rst and second chrominance val 
ues and said interpolated luminance value and output at 
least one group of color values including four output 
luminance values, one ?rst output chrominance value 
and one second output chrominance value, at least one 
of said four output luminance values being derived 
from said detected luminance value or said interpolated 
luminance value, said ?rst output chrominance value 
being derived from said ?rst chrominance value and 
said second output chrominance value being derived 
from said second chrominance value. 

4. The system of claim 3, Wherein said interpolation logic 
and said output logic are included Within said digital image 
sensor. 

5. The system of claim 3, Wherein said four output 
luminance values, said ?rst output chrominance value and 
said second output chrominance value are directly com 
pressed With no additional processing. 

6. The system of claim 3, further comprising: 

chrominance processing logic connected to receive said 
detected ?rst and second chrominance values and pro 
duce said ?rst output chrominance value and said 
second output chrominance value. 

7. The system of claim 6, Wherein said chrominance 
processing logic is capable of subtracting said interpolated 
luminance value from said ?rst chrominance value to pro 
duce said ?rst output chrominance value. 

8. The system of claim 6, Wherein said chrominance 
processing logic is further connected to receive additional 
detected ?rst and second chrominance values, said chromi 
nance processing logic averaging said detected ?rst chromi 
nance value and said additional detected ?rst chrominance 
value to produce said ?rst output chrominance value and 
averaging said detected second chrominance value With said 
additional detected second chrominance value to produce 
said second output chrominance value. 

9. The system of claim 3, Wherein said single-color 
photo-detector for said repeat unit comprises a ?rst single 
color photo-detector capable of detecting a ?rst luminance 
value and a second single-color photo-detector capable of 
detecting a second luminance value. 

10. The system of claim 9, Wherein said at least one 
interpolated luminance value comprises a single interpolated 
luminance value associated With said tWo-color photo-de 
tector. 

11. The system of claim 9, Wherein said at least one 
interpolated luminance value comprises ?rst and second 
interpolated luminance values associated With said tWo 
color photo-detector. 

12. The system of claim 11, Wherein said four output 
luminance values are derived from said ?rst and second 
interpolated luminance values and said ?rst and second 
detected luminance values. 

13. The system of claim 3, Wherein said single-color 
photo-detector for said repeat unit comprises a ?rst single 
color photo-detector capable of detecting a ?rst luminance 
value, a second single-color photo-detector capable of 
detecting a second luminance value and a third single-color 
photo-detector capable of detecting a third luminance value. 
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14. The system of claim 13, wherein said four output 
luminance values are derived from said ?rst, second and 
third detected luminance values and said interpolated lumi 
nance value. 

15. A digital image system, comprising: 

a digital image sensor including at least an array of 
photo-detectors having one or more repeat units 
therein, each said repeat unit including at least one 
single-color photo-detector capable of detecting a lumi 
nance value and a tWo-color photo-detector capable of 
detecting ?rst and second chrominance values; and 

interpolation logic connected to receive said detected 
luminance value and interpolate at least one interpo 
lated luminance value associated With said tWo-color 
photo-detector, said interpolation logic being further 
connected to assign said ?rst and second chrominance 
values to said detected luminance value and output said 
detected luminance value and said ?rst and second 
chrominance values. 

16. The system of claim 15, Wherein said luminance value 
is associated With the intensity of light Within a ?rst range of 
Wavelengths, said ?rst chrominance value is associated With 
the intensity of light Within a second range of Wavelengths 
and said third chrominance value is associated With the 
intensity of light Within a third range of Wavelengths. 

17. The system of claim 16, further comprising: 

output logic connected to receive said detected luminance 
value, said detected ?rst and second different chromi 
nance values and said interpolated luminance value and 
output at least one group of color values including four 
output luminance values, one ?rst output chrominance 
value and one second output chrominance value, at 
least one of said four output luminance values being 
derived from said detected luminance value or said 
interpolated luminance value, said ?rst output chromi 
nance value being derived from said ?rst chrominance 
value and said second output chrominance value being 
derived from said second chrominance value. 

18. The system of claim 17, Wherein said interpolation 
logic and said output logic are included Within said digital 
image sensor. 

19. The system of claim 3, Wherein said four output 
luminance values, said ?rst output chrominance value and 
said second output chrominance value are directly com 
pressed With no additional processing. 

20. The system of claim 17, further comprising: 

chrominance processing logic connected to receive said 
detected ?rst and second chrominance values and pro 
duce said ?rst output chrominance value and said 
second output chrominance value. 

21. The system of claim 20, Wherein said chrominance 
processing logic is capable of subtracting said interpolated 
luminance value from said ?rst chrominance value to pro 
duce said ?rst output chrominance value. 
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22. The system of claim 20, Wherein said chrominance 
processing logic is further connected to receive additional 
detected ?rst and second chrominance values, said chromi 
nance processing logic averaging said detected ?rst chromi 
nance value and said additional detected ?rst chrominance 
value to produce said ?rst output chrominance value and 
averaging said detected second chrominance value With said 
additional detected second chrominance value to produce 
said second output chrominance value. 

23. A method for processing raW digital color image 
values, comprising: 

providing an array of photo-detectors on a digital image 
sensor, said array of photo-detectors having one or 
more repeat units therein, each said repeat unit includ 
ing at least one single-color photo-detector capable of 
detecting a luminance value and a tWo-color photo 
detector capable of detecting ?rst and second chromi 
nance values; 

interpolating at least one interpolated luminance value 
associated With said tWo-color photo-detector; and 

processing said detected luminance value Without inter 
polating said ?rst or second chrominance value asso 
ciated With said detected luminance value. 

24. The method of claim 23, further comprising: 

outputting at least one group of color values including 
four output luminance values, one ?rst output chromi 
nance value and one second output chrominance value, 
at least one of said four output luminance values being 
derived from said detected luminance value or said 
interpolated luminance value, said ?rst output chromi 
nance value being derived from said ?rst chrominance 
value and said second output chrominance value being 
derived from said second chrominance value. 

25. The method of claim 24, further comprising: 

compressing said four output luminance values, said ?rst 
output chrominance value and said second output 
chrominance value directly With no additional process 
ing. 

26. The method of claim 24, further comprising: 

subtracting said interpolated luminance value from said 
detected ?rst chrominance value to produce said ?rst 
output chrominance value. 

27. The method of claim 23, further comprising: 

detecting additional ?rst and second chrominance values; 

averaging said detected ?rst chrominance value and said 
detected additional ?rst chrominance value to produce 
said ?rst output chrominance value; and 

averaging said detected second chrominance value With 
said detected additional second chrominance value to 
produce said second output chrominance value. 

* * * * * 


